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Chapter 6

Abstract

Background

There is evidence for an inverse association between stress and diet quality. However,
data linking stress and diet quality during lactation, a period often being experienced as
stressful, is still lacking. Therefore the aim of this study was to investigate the association
between maternal stress and diet quality over the first month of lactation.

Methods

Perceived stress was assessed using questionnaires; biological stress was quantified
using human milk (HM) cortisol concentrations. A Food Frequency Questionnaire al-
lowed the computation of total energy intake and the Dutch Healthy Dietary Index 2015
(DHD15-index) score. Energy intake and DHD15-index scores were compared between
a presumed high stress group; women whose child was hospitalized, and a control
group; women with a healthy non-hospitalized child. In addition, associations between
perceived stress scores and HM cortisol, and maternal energy intake and DHD15-index
scores were determined. All samples and data were collected in the first month postpar-
tum, at postnatal day 7, 14 and 28.

Results

The high-stress group (n=48) had higher perceived stress scores (24.0 (9.3) vs 16.1 (6.3);
p<0.001) and HM cortisol levels (72.0 (41.8) vs 51.6 (32.3); p=0.04), and lower energy
intakes (1999 (873) kcal vs 2298 (623) kcal; p=0.03) than the control group (n=72). Ma-
ternal perceived stress scores were inversely associated with diet quality (-0.4 (0.1);
p=0.005), specifically in the domains of vegetable, fruit and nut intake. No associations
were observed between HM cortisol concentrations and intake outcomes.

Conclusions

Stress in the early postpartum period is associated with maternal energy intake and diet
quality, which can affect HM composition and subsequently infant health, growth and
development.
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Background

Stress has a major impact on lifestyle, including dietary intake (1). Previous research
mostly shows an inverse association between stress and dietary quality. For example, a
recent meta-analysis among 3471 participants showed an inverse associations between
psychological stress and diet quality, but with substantial heterogeneity between stud-
ies (r =-0.35, 95% confidence interval: [- 0.56; — 0.15], p-value: < 0.001, Cochran Q test:
< 0.0001, 12 =93%) (2).

Giving birth and taking care of a newborn infant are major life events that come with
psychological and physical alterations, and new responsibilities. As a result, maternal
stress in the postpartum period is common, particularly in case of traumatic events
such as hospitalization of the child postnatally (3). Of note, 5-40% of women develop
postpartum depression or anxiety in the first month after giving birth (4, 5). Lactation
also places a substantial physiological demand on women; it increases maternal energy
needs by 25-30% as well as the need for various micronutrients (6, 7).While some of
this demand can be met by mobilizing body fat and nutrient stores, the increased
needs must be supplemented through the maternal diet (6). Remarkably, data on the
association between maternal stress and its association with dietary intake and quality
are scarce.

Maternal dietary intake and diet quality are not only important for health of the breast-
feeding mother, but are key factors influencing important nutritional components of
human milk, which subsequently impacts growth, development and long-term health
of the breastfed infant (8-13). Particularly, maternal diet has been shown to be associ-
ated with human milk fatty acid concentrations and some human milk micronutrients,
including carnitine and several vitamins (9, 10, 14).

Therefore, this study aims to determine if and how maternal psychological and biologi-
cal stress in the sensitive early postpartum period affects maternal dietary intake. Better
understanding of the association between stress and diet quality in lactating women
serves the formulation of more tailored nutritional guidelines for lactating mothers,
especially in stressful circumstances.

Methods

Research design and study population

This study was conducted using data from the ‘Amsterdam Moedermelk Studie; a one-
month multicentre observational cohort study (15, 16). Participants were recruited
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during pregnancy or within the first ten days after giving birth, via social media, flyers at
midwife practices or in the maternal or neonatal ward. Mothers were eligible to partici-
pate when they were 18 years of age or older, and if they had the intention to breastfeed
their infant for at least the first month after birth. For the current study, data available
on maternal dietary intake was required. Exclusion criteria were; maternal (gestational)
diabetes mellitus, maternal use of psychopharmaceuticals or glucocorticoid medica-
tion, major congenital disease of the neonate, a life expectancy of the neonate of less
than one month. The ‘Amsterdam Moedermelk Studie’was set up in three study groups:
1) A high stress a-term group, consisting of women who gave birth to an infant at term
that was hospitalized for at least two days. 2) A high stress preterm group, consisting
of women who gave birth to an infant prematurely that was hospitalized for at least
two days, and 3) A control group of women who gave birth to a healthy infant at term.
For the current study on the association between maternal stress and maternal dietary
intake, both high stress groups (the a-term and the preterm group) were combined
as one high stress group. Therefore, the current study consisted of two study groups:
1) The high stress group (mothers with an infant admitted to the hospital) and 2) The
control group (mothers with a healthy infant at home).

Inclusion took place between November 2017 and December 2019. Written informed
consent was obtained from all participants prior to participation. Data was handled
anonymously. This study was approved by the Ethics Committee of the Amsterdam Uni-
versity Medical Centre, AMC on the 2nd of May 2017 (METC 2017 025, NL59994.018.16)
and conducted in accordance with the Declaration of Helsinki.

Data collection

Study time line: Figure 1 shows the study time line. Inclusion of mothers took place before
day 10 postpartum. During inclusion of the participant a strand of hair was collected for
baseline glucocorticoid measurements and the participants completed a questionnaire
about their general health, their pregnancy and about life-time stress experiences. After
inclusion, the study had three collection days; at postpartum (P) day 10, 17 and 24. On
these collection days women collected three human milk samples. At the end of the
study, participants filled out three questionnaires about their stress experience during
the study period and a food frequency questionnaire.

Maternal psychological stress assessment

1. The Life Stressor Checklist- revised (LSC-r): The LSC-r evaluates the maternal lifetime
history of stress. A validated 26-item scale checklist to assess participant’s baseline
stress levels by identifying exposure to traumatic events or other stressful life events
(17) (18). Total questionnaire scores and its ranges (0-40) were calculated.
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2.

Birth baby

Fig.

Perceived Stress Scale (PSS): a validated 14-item questionnaire to determines the
degree to which certain situations are perceived as stressful (19, 20). Each question
is scored on a 5-point Likert Scale ranging from 0-4 (0 = never; 1 = almost never; 2 =
sometimes; 3 = fairly often; 4 = very often). Total questionnaire scores and its ranges
(0-56) were calculated.

Inclusion P10 P17 P24
Q U Fy Fy Fy
Maternal hair Breast milk Breast milk Breast milk
sample sample 3x sample 3x sample 3x

Digital FFQ
self-inventory &
Perceived

stress assessment

1 Study time line

P = postpartum day. FFQ = food frequency questionnaire.

Maternal biological stress assessment

1.

Hair sample collection and storage: To collect information on participants’ baseline
cortisol values, a hair strand (approximately 100 hairs, 3mm diameter) was cut by
the researcher as close to the scalp as possible at the posterior vertex position. Hair
was stored in the dark at room temperature until analysis. A short questionnaire was
filled out by the participants to be able to correct for factors influencing hair gluco-
corticoid concentrations. Hair samples were analyzed for cortisol and cortisone as a
baseline biological stress measurement reflecting the last trimester of pregnancy.

Milk sample collection and storage: At every collection day (P10, P17 and P24),
participants collected three human milk samples to measure the concentrations of
cortisol/cortisone. Human milk cortisol is a non-invasive marker of circulating gluco-
corticoid levels, as it correlates with plasma cortisol levels (21).To be able to take into
consideration the circadian rhythm of human milk cortisol (22, 23), participants were
instructed to collect one human milk sample in the morning, one in the afternoon
and one in the evening. To make sure the human milk sample would contain a mix-
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ture of foremilk and hindmilk, participants were requested to fully empty one breast
before feeding their infant, mix the milk and thereafter donate 5ml of human milk in
a sterile container (Sarstedt, Germany). Participants were free to choose from which
breast the milk was collected. Participants were requested to write down the date
and time of milk collection, the way of pumping (i.e., manually or electric pump etc.)
and the total amount of milk that was collected. Participants stored the milk samples
in their freezer (-20°C) up until collection by the researcher. At the study site, human
milk samples were stored at -20°C until analysis.

Maternal dietary assessment

Habitual dietary intake was assessed 25 days postpartum using a validated 173-item
semi-quantitative food frequency questionnaire (FFQ) where the previous month was
used as the reference period. The FFQ was designed and validated to estimate dietary
intake of energy, macronutrients, and B-vitamins in Dutch women of reproductive age
(24-26).The FFQ inc.luded consumption frequencies (from once a month to several times
a day) and the number of units eaten or portion sizes (e.g., slices, cups, pieces, spoons,
etc.) according to Dutch household measures (27). Average daily nutrient intakes were
calculated by multiplying frequency of consumption by portion size and nutrient
content per gram using the 2011 Dutch Food Composition Table (28). Diet quality was
assessed by summing the individual item scores of the Dutch Healthy Diet index 2015
(DHD15-index), which was originally developed in 2012 (29) and updated based on the
Dutch dietary guidelines by the Health Council of the Netherlands in 2015 (30). The
original DHD15-index represents the fifteen food-based dietary guidelines and there-
fore consists of fifteen components with scores ranging from 0 and 10 (30), see table 1.
The intake of coffee and tea was not assessed in sufficient detail to be included in the
DHD15-index score, which resulted in a total possible DHD-15 score ranging between
0 (no adherence, more unhealthy) to 140 (complete adherence, more healthy). An ‘un-
healthy choices’ component, aligned with the Netherlands Nutrition Centre guidelines
(30-33), was included to assess dietary choices beyond Dutch dietary guidelines (29).
The score in this category decreases with an increase in unhealthy choices made by par-
ticipants. Once the FFQ was completed, trained dietitians checked all the FFQs for their
completeness and unusual intakes and processed all notes made by the participants.

Laboratory analyses

Hair cortisol/cortisone: The proximal 3-cm hair segment was used for analyses. Wash and
steroid extraction procedures followed the protocol described in Stalder et al. (34) with
some changes being made to allow analysis by liquid chromatography-tandem mass
spectrometry (LC-MS/MS). The lower limits of quantification of this assay were below 0.1
pg/mg for cortisol and cortisone, and the inter- and intra-assay coefficients of variance
were between 3.7% and 8.8%.
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Table 1. Components and guidelines of the Dutch Healthy Diet Index 2015 and their score ranges (30)

DHD15-index recommendation/

Score range (0-10 points)

Component e
guidelines Minimum Maximum
Vegetables Eat at least 200g daily 0 g/day > 200 g/day
Fruit Eat at least 200g daily 0 g/day > 200 g/day
Wholegrain
E I il >
products’ a) Eatatleast 90g daily 0 g/day =90 g/day
No consumption  No consumption
f whol i f refined grai
b) Replace refined cereal products by N w‘o € grains orre .ne grains
. or ratio of whole  or ratio of whole
wholegrain products . .
grains to refined  grains to refined
grains < 0.7 grains = 11
Legumes Eat legumes weekly 0 g/day > 10 g/day
Nuts Eat at least 159 (unsalted) daily 0 g/day =15 g/day
0g/d 750
Dairy Eat a few products daily g/day or> 300 - 450 g/day
g/day
Fish Eat 1 serving is fish (preferably oily) weekly 0 g/day > 15 g/day
No consumption of No consumption
liquid cooking fats  of solid cooking
. Use soft margarines, liquid cooking fats or ratio of liquid fats or ratio of
Fats and oils . . - .
and vegetable oils cooking fats to liquid cooking
solid cooking fats fats to solid
<06 cooking fats > 13
Red meat Limit consumption =100 g/day <45 g/day
Processed meat  Limit consumption > 50 g/day 0 g/day
Sweetened
beveragesand  Limit consumption > 250 g/day to 0 g/day
fruit juices
Women =20 g/ Women <10 g/
Alcohol Limit consumption (max 1 unit daily) dayand men =30 dayandmen<10
g/day g/day
Salt Limit consumption to 6g daily > 3.8 g/day to < 1.9 g/day
health
Un .ea thy Limit consumption >7 choices/week <3 choices/week
choices

'Component comprises of two subcomponents (a and b), both with a maximum score of 5 points
Abbreviations: g = gram

Human milk cortisol/cortisone: For each milk sample, 0.5 ml of human milk of each time
point was used to determine the concentrations of cortisol and cortisone by Liquid-
Liquid extraction followed by supported liquid extraction and LC-MS/MS detective as
described in earlier research by Van der Voorn et al. (35). Quantification was done using
an isotope dilution. As cortisol levels vary over the course of a day (22), we calculated
the human milk cortisol area under the curve (AUC) to provide a more reflective value
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of human milk cortisol throughout the day. To this purpose, human milk cortisol values
were standardized to 7:00 AM, 14:00 PM and 22:00 PM using the following formula: hu-
man milk cortisol in mmol/L -/+ unstandardized regression coefficient of all human milk
cortisol values * (new (standardized)) time point - real time point). Subsequently, the
human milk cortisol AUC for each collection day was calculated from these three time
points, as described by Pruessner et al. (36).

Statistical analysis

Characteristics were described as frequencies, means with standard deviations (SD) or
medians with interquartile ranges (IQR), depending on the variable/distribution. Differ-
ences between study groups in maternal-infant characteristics and stress measurements
were tested using unpaired student T-tests, Chi-square tests, Mann-Whitney U tests or
Linear Mixed Models where appropriate. Associations between maternal stress and en-
ergy intake and diet quality (total and component scores) were assessed by comparing
the high stress group with the control group using linear regression analyses. Statistical
analyses assessing differences in energy intake and diet quality between study groups
were adjusted for maternal factors that differed between study groups as shown by the
baseline characteristics. Linear regression analyses on perceived stress scores (PSS) or hu-
man milk cortisol levels and the dietary intake outcomes were conducted independent
of the maternal study group and initially adjusted for BMI (2, 37), ethnicity (2), education
(2), LCS-r score (38), parity, hospitalization of the mother and hair-cortisol concentration
(38). Factors influencing the associations by >10% were considered covariates and were
taken along in the final model. For example: education, Life Stressor Checklist-revised,
hospitalisation of the mother (Model 1: association PSS score and energy intake), BMI
and hospitalization of the mother (model 2: association between DHD15-index score
and human milk cortisol levels) and no confounding factors for the other models. Not
normally distributed outcome data were log-transformed prior to analyses. All statisti-
cal analyses were performed using R software (version 4.1.0). A p-value of < 0.05 was
considered statistically significant. Data was visualized using Excel.

Results

In total, 156 participants were included in the Amsterdam Mothers Milk Study. Thirty-
five women stopped participating during the study or did not meet the inclusion criteria
for the current study. For the final analysis, 48 mothers were included in the high stress
group and 72 in the control group (see figure 2).
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987 mothers screened for
participation

|

156 mothers included in

the study
Term high stress: Preterm high stress:
30 mothers 40 mothers
[ ]
Control group: High stress group:
86 mothers 70 mothers
Drop out: 14 Drop out: 22
- 3 Matemal illness - 2 Infant death
2 Stoppedbreastfeeding = 4 Matemal iliness
2 Too little milk 1 Stopped breastfeeding
1 Pain during pumping 1 Too time consuming
3 No FFQ data = 7NoFFQ data
3No p 7 No reasonprovided
For final analysis: For final analysis: 48
72 mothers mothers

Fig. 2 Flowchart of study population

Baseline characteristics and stress measurements for both study groups are presented
in Table 2. In general, maternal characteristics, including the baseline stress measure-
ments, did not differ between study groups, with the exception of maternal education.
Women in the control group (91%) were more often highly educated than women in
the high stress group (74%), p=0.02. Participants in the high stress group scored higher
on the PSS questionnaire (24.0 (9.3) vs 16.1 (6.3); p < 0.001) and had higher milk cortisol
levels than women in the control group (72.0 (41.8) vs. 51.6 (32.3); p=0.04). In addition,
PSS scores and cortisol AUC were positively correlated (Pearson Correlation Coefficient
0.152, p=0.012).

3000 [

2500

2000

1500

1000

Mean energy intake (kcal)

500

Control group High-stress group

Fig 3. Mean DHD15-index scores of the participants per study group
*= statistically significant difference. Level of significance p<0.05.
Error bars present the standard deviation. Figure is unadjusted for confounding.
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Table 2. Baseline characteristics on study participants

High-stress
Control group
(n=72) group p-value
(n=48)
Age (years) - mean (SD)* 324 (3.3) 32.6 (4.5) 0.80
BMI (kg/m?) — median (IQR)° 222 (34) 22.5 (4.5) 0.57
Ethnicity' - n (%) 037
Native 56 (80) 31 (69)
First-generation 7(10) 6(13)
Second generation 7(10) 8(18)
Education’® - n (%)° 0.02%
Low 1(2) 0(0)
Middle 5(7) 12 (26)
High 62 (91) 34 (74)
Work situation - n (%)* 0.69
Entrepreneur 11(16) 8(17)
One employment 53 (76) 32(70)
Multiple employments 1(1) 2(4)
Unemployed 4(6) 4(9)
Vegetarian diet’ —n (%) 0.32
Yes 6(9) 1(2)
No 64 (91) 44 (98)
Vegan diet* - n (%) 0.93
Yes 3(4) 1(2)
No 67 (96) 45 (98)
Smoking - n (%)° 0.44
Never 49 (72) 29 (64)
Stopped 18 (26) 16 (36)
Currently 1(2) 0(0)
Hospitalization of mother - n (%)* 0.70
Yes 33 (48) 24 (47)
No 36 (52) 21 (53)
Stress information
Baseline stress: LSC-r score — Median (IQR)® 6.0 (7.0) 6.0 (8.8) 0.798
Baseline stress: Hair cortisol (pg/mg) — Median (IQR)° 6.4(10.5) 5.6 (4.5) 0.677
Stress during study: PSS score — mean (SD)* 16.1 (6.3) 24.0(9.3) <0.0071***

Stress during study: Human milk cortisol AUC — median (IQR)® 51.6 (32.3) 72.0(41.8)  0.044*

SD = standard deviation. BMI = Body Mass Index. LSC-r = Life Stressor Checklist - revised. IQR = Interquartile
range. N = number. PSS = Perceived Stress Scale. AUC = area under the curve.

*Statistically significant difference. Level of significance: ¥*<0.05, ***<0.001. Statistical test used to test diffe-
rence between groups: *Student T-test, "Mann-Whitney U test, “Ch- Square test, “Linear Mixed Models

' Alders, 2011 (63)

’Low education = primary school, vocational and lower general secondary education; moderate = higher
secondary education and intermediate vocational training; high = higher vocational education and university.
3Vegetarian diet: not consuming meat and fish

“Vegan diet: no consuming foods from all animal sources, including dairy, cheese and eggs

* Human milk cortisol AUC is calculated per collection day.
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Table 3. Energy intake, DHD15-index total and component scores between study groups

Control group High-stress group

(n=72) (n=48) prvalue

Energy intake (kcal) - mean (SD) 2298 (623) 1999 (873) 0.03*
DHD15-index total scoret — mean (SD) 89(12) 85(16) 0.51
DHD15-index sub-scores - log mean (SD)

1. Vegetables (score)' 1.91 (0.60) 1.65 (0.79) 0.28
2. Fruit (score)' 2.15(0.43) 1.87 (0.80) 0.04*
3. Whole-grain products (score)’ 1.80(0.58) 1.53(0.68) 0.08
4. Legumes (score)' 1.81(0.97) 1.61(1.07) 0.64
5. Nuts (score)' 1.81(0.79) 1.55 (0.90) 0.15
6. Dairy products (score)' 1.78(0.76) 1.53(0.79) 0.26
7. Fish (score)' 1.84(0.74) 1.74(0.79) 0.83
8. Fats and oils (score)' 1.34 (1.02) 1.64 (0.91) 0.09
9. Red meat (score)’ 2.26 (0.44) 2.31(0.26) 0.30
10. Processed meat (score)' 1.86 (0.68) 1.92(0.67) 0.59
11. Sugar-containing beverages (score)' 1.17 (0.98) 1.17 (1.01) 0.90
12. Alcohol (score)' 2.39(0.04) 2.39(0.00) 0.46
13. Na (score)' 1.85(0.73) 2.06 (0.53) 0.04*
14. Unhealthy choices (score) NA NA 0.05*

DHD2015-index = Dutch Healthy Diet 2015 Index. SD = standard deviation. n = number. NA = not applicable,
very low score in both groups.

*Statistically significant difference. Level of significance: *<0.05. Differences tested using linear regression
models with adjustment for maternal education level.

tTotal score ranges between 0 and 140. Component scores range between 0 and 10.

' DHD15-index component scores were log-transformed (In(x+1). Log transformed cores range from 0.00-2.4

Table 4. Regression model of the association between psychological and biological stress and dietary
outcome measures.

Energy intake (kcal/day) DHD15-index score
Crude Adjusted’ Crude Adjusted’
B(sD)  p  B(SD) p B (SD) p B(SD) p
PSS score -7(8) 038 -12)(9) 0.18 -04(0.1) 0.005**
Human milk cortisol 2(3) 039 0.0 (0.1) 0.44 -0.1*(0.1)  0.20

DHD15-index = Dutch Healthy Diet 2015 index. SD: standard deviation. PSS = Perceived Stress Scale.
*Statistically significant difference. Level of significance: ¥<0.05, **<0.01.

'When no Adjusted model is presented: adjusting for different variables did not considerably change the
regression coefficient.

*Adjusted for education, Life Stressor Checklist-revised, hospitalisation of the mother.

*Adjusted for Body Mass Index and hospitalisation of the mother.
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20
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Fig. 4 Mean DHD15-index scores of the participants per study group
DHD15-index = Dutch Healthy Diet 2015 index.
Error bars present the standard deviation. Figure is unadjusted for confounding.

Multiple regression analyses adjusting for maternal education showed higher mean
energy intakes in the control group than in the high-stress group (2298 kcal/day (SD:
623) vs high-stress: 1999 kcal/day (SD: 873); p=0.025) (Figure 3 and Table 3). However, no
association was found between PSS scores and energy intake (Table 4). In addition, hu-
man milk cortisol was not associated with maternal energy intake, even after correcting
for confounding factors (Table 4).

No differences in diet quality were observed between study groups (control: 89.2 (SD
11.5), high-stress: 85.0 (SD: 15.1); p=0.51), see Figure 4 and Table 3. Accordingly, most
DHD15-index component scores did not differ between study groups either. However,
participants in the high-stress group had lower scores for fruit intake (control: 2.15 (SD:
0.43), high-stress: 1.87 (SD: 0.80), p=0.04), whereas, they scored higher for salt intake,
meaning a lower intake of sodium (control: 1.85 (0.73), high-stress: 2.06 (0.53), p=0.04).
In the unhealthy choice category, in the control group, 72 out of 72 (100%) participants
scored a 0 (highest number of unhealthy choices), whereas in the high-stress group, 45
out of 48 (94%) scored a 0; p=0.05.

The PSS score was inversely associated with the total DHD15-index score (3 (SD): -0.4
(0.1); p=0.005), which seemed to be particularly driven by lower intakes of vegetables
(B (SD): -0.02 (0.01), p<0.001), fruits (B (SD): -0.01 (0.01), p=0.04), and nuts ( (SD): -0.02
(0.01), p=0.03) (Data not shown in table, 's of the sub-scores are log-transformed). Hu-
man milk cortisol was not associated with the DHD15-index score, even after correcting
for confounding factors (Table 4).
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Discussion

In this observational cohort study, women in the high stress group had lower energy,
fruit and salt intake compared to the control group. Accordingly, perceived psychologi-
cal stress scores were negatively associated with total diet quality, as well as the intakes
of vegetables, fruits, and nuts. Human milk cortisol was not associated with dietary
intake or quality, but correlated with perceived stress.

Our participants (88 out of 140, 63%), independent of being among the high or low-
stress group, had lower mean DHD15-index scores as compared to adult (non-lactating)
Dutch women (114 out of 160, 72%) (31), and the majority of our participants did not
meet the European dietary guidelines (39). These findings are in line with previous stud-
ies in lactating women (40) and may be due to the postpartum period characterized
by a lack of time and/or energy to take care of a healthy diet. Changes in hormonal
balances during the postpartum period might also affect diet quality (41-43).

To our knowledge, only one other study investigated the association between stress
and diet in lactating women and found an inverse association between stress and en-
ergy intake. This study took place in Ghana and it was hypothesized that food insecurity
was one of the explanations for this result (44). Our findings are in line with the result
of this study and also with results from research in non-lactating individuals (2, 45, 46).
However, in a meta-analysis by Khaled et al.,, only four out of eight studies showed a
negative association between stress and diet quality indexes. These discrepancies be-
tween studies might be due to differences in the study designs, food availability, study
population, sample sizes, type of stressor, and questionnaires used for the measurement
of stress and food intake. However, we can also hypothesize that stress can result in an
increase, but also in a decrease of food intake (47-49). The mechanisms underlying a
possible bidirectional relationship are not yet fully understood but might be explained
by individual differences in stress reactions, genetics, and the severity of the stressor
that is encountered (43, 50, 51).

Biological mechanisms linking stress to more unhealthy dietary patterns have been
studied in animals. For example, it has been shown that stressed rats with access to
food that is high in fat or sugar, increase the intake of more unhealthy foods instead
of healthy foods (49, 52). This might be attributed to the action of cortisol and insulin,
which stimulate the ingestion of ‘comfort foods’ (53). Subsequently, this stimulates the
pleasure-associated part of the nucleus accumbens in the brain, counteracting the
feelings of stress (49). Consequently, unhealthy eating habits are maintained through
positive feedback loop (49, 54).

169



Chapter 6

Even though we did find that our high stress group, with higher human milk cortisol
levels, had lower energy intake, we did not find an association between milk cortisol
levels and dietary energy intake and/or diet quality. To our knowledge, no previous
studies have been performed on the association between human milk cortisol concen-
trations and maternal dietary intake in lactating women. However, human milk cortisol
strongly correlates with plasma cortisol levels (22) and in a study by Moss et al. it was
demonstrated that non-lactating women with high cortisol plasma levels consumed
less healthy snacks compared to controls with lower cortisol levels (55). There might
be at least two reasons for such discrepancy. Firstly, the lack of association between
human milk cortisol and food intake (scores), might be due to the well-documented
elevated cortisol levels in mothers during the postpartum period when compared to
non-reproductive phases, this may reduce the variation in cortisol between lactating
women with high versus low stress levels, and could mask an association (56). Secondly,
it might be attributed to the fact that in our study we are investigating association with
milk cortisol level rather than plasma. The interplay between stress, cortisol levels, and
dietary intake may be influenced by the release of oxytocin during breastfeeding, as
oxytocin has a counteracting effect on cortisol levels in milk (57, 58). In addition, differ-
ences in individual stress responses and other (neuro)endocrine mediators (e.g. ghrelin,
leptin) that we did not take into account might play a role in this mechanistic process
(59).

Strength and limitations of our study

Strengths of this study are: i) the study design, resulting in a high range of stress
levels within the participants, often not achieved in observational studies; ii) collec-
tion of extensive information on maternal factors, allowing to take into account and
correct for multiple confounders; iii) assessment of maternal stress via both validated
psychological questionnaires as well as a biological measure of stress; iv) the chosen
study population and stage of lactation. This is the first study addressing the impact
of stress on lactating mothers in a high income country. Furthermore, the first month
postpartum is a sensitive and important time period for both mother and child and is
frequently missed in dietary research; v) the used dietary questionnaire. We used a vali-
dated, self-administered, digital FFQ to assess habitual intake ensuring comprehensive
coverage of frequently as well as episodically consumed foods (31). This study also has
some limitations. i) Almost all stress and diet-related variables were self-reported, which
could have led to inaccurate reporting by the participants and therefore reporting bias;
ii) both the FFQ as well as the PSS questionnaire were filled out at the end of the study,
making them prone to memory-related bias; iii) precision of FFQ. Although, the FFQ
used in the study was validated (60), it did not assess the specific types of coffee and
tea intake, which let to inability to take these components into account when calculat-
ing the DHD15-index. Moreover, it is known that salt intake is usually underestimated
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during assessment by an FFQ. Although the salt cut-off level was reduced by 20% to
adjust for this, the salt component should still be interpreted with caution (30). iv)
Comparison with recommended Dutch dietary guidelines. Recommended intake in the
Dutch dietary guidelines applies to the general population (30), as there are no specific
dietary guidelines for lactating women in the Netherlands yet. Those are planned to be
developed in 2024. In fact, a healthy diet for the general population might be differ-
ent than a healthy diet for lactating women as their nutritional requirements differ; v)
Residual confounding via factors that we did not have information about, for example
physical activity, cannot be excluded. vi) Sample size. Even though this is one of the first
studies addressing this topic in detail, the sample size (n = 120) can be deemed as low
for a prospective cohort study and might hinder the generalization of the results.

Conclusions

The lactating women in our study have a lower diet quality compared to non-lactating
Dutch women and do not meet recommended dietary requirements (39). In addition,
the results of this study suggest that lactating women with high levels of stress have
an even lower energy intake and diet quality. This knowledge is important as the early
postpartum period is often experienced as stressful and energy intake and diet quality
are related to human milk composition (8-13), which can subsequently affect infant
health, growth and development (10, 61, 62). Nutritional advice and/or supplementa-
tion might be considered to support lactating women, especially when under stressful
circumstances, to optimize health in both mother and infant. Future research should
investigate to what extent the differences in dietary intake influence the nutritional
value of human milk and how this might possibly influence the breastfed infant.
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